Abstract Herbal drugs have been widely evaluated as an alternative method of parasite control, aiming to slow development of resistance and obtain low-cost biodegradable parasiticides. This study evaluated the in vitro efficacy on Rhipicephalus (Boophilus) microplus of extracts from Carapa guianensis seed oil, Cymbopogon martinii and Cymbopogon schoenanthus leaf essential oil, and Piper tuberculatum leaf crude extract and similar synthesized substances. In the immersion test, engorged females were evaluated in five dilutions ranging from 10% to 0.030625% concentration. In the larval test on impregnated filter paper, the concentration ranged from 10% to 0.02%. The treatments and controls were done in three replicates. Chemical analysis of the oils was performed by gas chromatography. The main compounds were oleic acid (46.8%) for C. guianensis and geraniol for C. martinii (81.4%), and C. schoenanthus (62.5%). The isolated and synthesized substances showed no significant effect on larvae and adult. C. martinii and P. tuberculatum showed the best efficacy on the engorged females. The LC 50 and LC 90 were 2.93% and 6.66% and 3.76% and 25.03%, respectively. In the larval test, the LC 50 and LC 90 obtained for C. martinii, P. tuberculatum, and C. schoenanthus were 0.47% and 0.63%, 0.41% and 0.79%, 0.57% and 0.96%, respectively. The fact that geraniol is present in greater quantities in C. martinii explains its higher activity in relation to C. shoenanthus. It is necessary to validate the in vivo use of safe and effective phytoparasiticidal substances. Efforts should be focused on developing formulations that enhance the efficacy in vivo and lengthen the residual period.
Introduction
Rhipicephalus (Boophilus) microplus (Canestrini 1887) is commonly known as cattle tick because of its specificity for this host, although it can occasionally parasitize other species such as sheep, horses, buffalos, and dogs (Serra-Freire and Mello 2006) . It is found in tropical and subtropical latitudes between 32°N and 32°S, in Asia, Australia, Africa, North and South America (Kessler and Schenck 1998) . In Brazil, 80% of cattle herds are infected with this tick, causing economic losses estimated at 2 billion dollars a year. The injury caused to animals involves weight loss, decreased milk production, blood spoliation and hide damage, besides transmission of pathogens, especially those related to tick fever (Anaplasma marginale, Babesia bovis, and Babesia bigemina). Ticks also cause indirect losses from the costs for their control, involving the purchase of drugs and treatment equipment, beyond additional labor (Grisi et al. 2002; Leal et al. 2003) .
To reduce these losses, producers mainly use commercial acaricides, but the indiscriminate use of chemicals without adequate technical support leads to the development of resistant tick populations and can contaminate the food supply and surrounding environment (Furlong 2004; Klafke et al. 2006) .
Brazil is a country with great diversity of plants, many with potential medicinal uses on both humans and livestock. Currently, research of plant extracts with activity against parasites is increasing, and significant results in vitro have been obtained. Daemon et al. (2009) and Monteiro et al. (2010) , for example, evaluated the in vitro efficacy of thymol on Rhipicephalus sanguineus and R. (B.) microplus, respectively. It was concluded that thymol had a deleterious effect on larvae of R. sanguineus, especially on engorged larvae for which 100% mortality was found in the concentration of 2%. Similar results were obtained with R. (B.) microplus engorged females and also ovicide activity on eggs of this tick.
So, although herbal medicine research in veterinary parasitology is a recent area in Brazil, it has shown the potential to become a future tool to reduce the problems faced by animal breeders, such as resistance and residues, also prolonging the useful life of commercial chemical products applied for parasite control through the association of bioactive plant substances with synthetic products (Chagas 2004 (Chagas , 2008 . Plant extracts contain mixtures of substances that can act synergistically, in different ways, which makes the development of parasite resistance more difficult than normally occurs with conventional acaricides. According to Katoch et al. (2006) , the efficacy of a single ectoparasiticidal/repellent plant can be enhanced by a judicious combination with another plant or active ingredient that has adjuvant properties. These agents act in one or more of the following ways: counteraction of growth regulatory hormones, anti-feeding effects, inhibition of egg development, disruption of mating and sexual communication, inhibition of chitin formation and, especially for ticks, repellent action.
The genus Cymbopogon (Poaceae) has been investigated because of the action of its essential oil on ticks. Cymbopogon nardus has been evaluated in vitro against R. (B.) microplus (Olivo et al. 2008) as well as Amblyomma cajennense (Soares et al. 2010) ; Cymbopogon citratus has been tested against R. (B.) microplus and R. sanguineus (Heimerdinger et al. 2006; Silva et al. 2007) ; and Cymbopogon winterianus has been investigated against R. (B.) microplus (Martins 2006) . The Piperaceae are recognized for their potential insecticide, fungicide, and bactericide action, and the species Piper aduncum has been tested on R. (B.) microplus (Silva et al. 2009 ). The family Meliaceae, to which the species Azadirachta indica (neem), Melia azadarach (cinnamon), and Carapa guianensis (andiroba) belong, is one of the most studied for parasite control. The last species has also been evaluated on R. (B.) microplus, but in higher concentrations than in the present study (Farias et al. 2007 ).
Knowledge of the biological activity of a natural product revealed by a screening program can lead to its application in pest management through direct use of the product itself or the products resulting from structural modifications. Knowledge of the function of a chemical in nature can lead to important new strategies in pest management (Plimmer 1985 , cited in Chagas et al. 2002 . Thus, the purpose of this study was to evaluate the in vitro efficacy of extracts isolated and synthesized from plants on engorged females and larvae of R. (B.) microplus, seeking to relate the efficacy with their chemical composition.
Material and methods

Plant material and chemical analysis
Cymbopogon martinii (palmarosa) and Cymbopogon schoenanthus (lemon grass) essential oils and Carapa guianensis (andiroba) seed oil were obtained commercially in September of 2009 (WNF Indústria e Comércio Ltda.). Chemical analysis of the plants was carried out at the Embrapa Agroindústria de Alimentos -CTAA by gas chromatography coupled to mass spectrometry (GC-MS) in an Agilent 5973 N system (Agilent Technologies, DE, USA) equipped with an HP-5MS capillary column (5% diphenyl, 95% dimethylsilicone, 30 m×0.25 mm; film thickness 0.25 μm). Helium was used as the carrier gas (1.0 mL min −1 ). A total volume of 1.0 μL of a 1% solution of the oil was injected in dichloromethane in an injector heated to 250°C, operating in split mode (split ratio 1:100). The oven temperature ranged from 60°C to 240°C, at a heating rate of 3°C min −1 . The mass detector was operated in electronic ionization mode (70 eV) with the mass analyzer maintained at 150°C, the ionization source at 220°C, and the transfer line at 260°C.
For quantification, the essential oils were also analyzed in an Agilent 7890A (Agilent Technologies, DE, USA) chromatograph equipped with a flame ionization detector (FID) kept at 280°C and fitted with an HP-5 capillary column (5% diphenyl-95%-dimethyl silicone; 30 m× 0.32 mm; film thickness 0.25 μm). The same injection and chromatographic conditions described above were applied, but hydrogen was used as the carrier gas at 1.5 mL min −1 . The results were expressed as relative area (percent area). Linear retention indices were calculated by injection of a series of n-alkanes (C 7 -C 26 ) in the same column and conditions stated for GC-FID analyses. Identification of essential oil components was done by comparison of both mass spectra and retention indices with the Wiley sixth edition spectral database and other literature data.
The chemical profile of the extract of Piper tuberculatum (known in Portuguese as pimenta d'arda or "painful pepper") was studied at the Center for Biological Testing, Ecophysiology and Biosynthesis of Natural Products (NuBBE), part of the Chemistry Department of Paulista State University (UNESP-Araraquara). The crude extract was produced as follows: 18 kg of fresh leaves ( Fig. 1) was dried in an oven for 4 days at 40°C. After grinding them, the resulting material was subjected to extraction with ethyl acetate and ethanol (3:1), using 9 L of this mixture for each extraction. This process was repeated four times with an interval of 7 days. Part of the extract was subjected to liquid-liquid partition, thus obtaining the partitions hexane, dichloromethane, and ethyl acetate. Piplartine and piperine ( Fig. 2) were then isolated from these partitions according to Cotinguiba et al. (2009) and the synthesized substances were produced (production process, unpublished).
Immersion test of engorged females
In vitro tests were performed at the Animal Health Laboratory of the Embrapa Southeastern Cattle Research Station (Embrapa Pecuária Sudeste -CPPSE), in São Carlos, São Paulo. The immersion test of engorged females was performed according to Drummond et al. (1973) to evaluate the effectiveness of the plant material. R. (B.) microplus females were collected from cattle naturally infested at the CPPSE farm. In the laboratory, they were washed with water and dried on paper towels. They were then selected according to integrity, motility, and maximum engorgement. After this selection, they were divided into groups of ten and weighed to establish uniformity and placed in disposable cups.
For each extract, five dilutions were performed in triplicate, where the dilutions of the C. martini and C. schoenanthus extracts and piperine were 0.3125%, 0.625%, 1.25%, 2.5%, and 5%, those of the C. guianensis and P. tuberculatum extracts were 0.625%, 1.25%, 2.5%, 5%, and 10% and the piplartine dilutions were 0.030625%, 0.078125%, 0.15625%, 0.3125%, and 0.625%. We also tested the 13 synthetic substances called AM, which are structurally similar to piperine, at a concentration of 0.15%. There were two controls, one with only distilled water and another with 3% Tween 80 and distilled water.
The females were immersed in 10 mL of the respective treatment for 5 min. After that time, they were dried and placed in Petri dishes (Fig. 3 ), labeled and kept in an incubator (±27°C and RH>80%) for oviposition. After 18 days, the eggs were weighed and transferred to adapted plastic syringes, identified, and sealed with cotton. They were then placed back in the incubator under the same conditions for larval hatching, which was read visually after 16 days of incubation. With these data, the reproductive efficiency index (REI) and the efficacy of the extracted product (EP) were calculated according to the formulas proposed by Drummond et al. (1973) .
REI ¼ egg mass weight Â % egg hatching=engorged females weight Â 20:000 » » Constant that indicates the number of eggs present in 1g:
Sensitivities of larvae on impregnated paper
The method is recommended by the World Food and Agriculture Organization (FAO 1971) . For these tests, 14 to 21-day-old larvae were used from the colony of R. (B.) microplus at CPPSE. The extracts and isolates were tested using a technique adapted by Leite (1988) , where approximately 100 larvae (Fig. 4) were placed between filter papers measuring 2×2 cm impregnated with the extracts, to form a sandwich. This was placed inside a filter paper envelope and sealed. The envelopes were heated in the incubator (±27°C and RH > 80%) and readings were performed after 24 h, counting the dead and live larvae using a vacuum pump with an adapted pipette tip. Each of the extracts was dissolved in 3% Tween 80. The two controls consisted of distilled water and distilled water with solvent at the same concentration. All tests were conducted in three replications. The extracts were tested at the following concentrations: C. martinii, C. schoenanthus, and P. tuberculatum-0.31%, 0.63%, 1.25%, 2.5%, 5%, and 10%; piperine-0.08%, 0.16%, 0.31%, 0.63%, and 1.25%; and piplartine-0.02% 0.04% 0.08%, 0.16%, and 0.31%. The 13 synthesized substances were evaluated at 0.5%, since at 0.15% in the immersion test, they had no effect. The concentrations were also defined according to the quantity available for both tests.
Statistical data analysis
Calculation of each extract's lethal concentration in the in vitro tests was performed by fitting the Probit linear regression using the normal distribution and the generalized linear model used for binary data (logistic regression), with estimates of the parameters of these equations by maximum likelihood. The procedure used was the SAS Probit to estimate the LC 50 and LC 90 with the independent variables (dose) transformed by natural logarithm (log dose). The goodness-of-fit was assessed using the Pearson's chi-square test and maximum likelihood ratio. The values of each extract were analyzed by Tukey test (p≤0.5).
Results
According to the results of gas chromatography, the main component of C. guianensis was oleic acid with 46.8%, and of C. martinii and C. schoenanthus was geraniol, at 81.4% and 62.5%, respectively (Table 1) . Regarding engorged female mortality, no extract had an efficacy considered significant. However, 5% C. martinii and 10% P. tuberculatum had the highest percentage of mortality, of 66.66% and 63.34%, respectively. Based on the efficacy calculation of the products according to the formula described before, the best results were obtained with the extract of P. tuberculatum at 10%, which was 91.66% effective, and C. martinii at 5%, which reached 75.81% efficacy, in both cases mainly due to the effect of the reduction of larval hatching according to the EP calculations (Table 2) . With these results, it was possible to calculate the LC 50 and LC 90 for P. tuberculatum: 3.76% and 25.03%, and for C. martinii: 2.93% and 6.66%, respectively. The results of the isolated compounds piplartine and piperine are in Table 2 . The best efficacy was 36.78% for piplartine at 0.15625%. The 13 synthesized compounds showed no efficacy in the immersion test. In the control group with tween, the hatching percentage of engorged female was 94.17% for the tests with C. martinii, C. schoenanthus, P. tuberculatum, and piperine, and 93.33% for the tests with C. guianensis and piplartine (Table 2) .
In the larval test, the LC 50 and LC 90 obtained were 0.41% and 0.79%, respectively, for the extract of P. tuberculatum. The compounds isolated (piperine and piplartine) and the 13 synthesized caused no mortality. For C. martinii, the LC 50 and LC 90 were 0.47% and 0.63%, and for C. schoenanthus, they were 0.57% and 0.96%, respectively.
Discussion
Research involving plant extracts for parasite control on commercial animal herds is a new and developing area in Brazil. Several in vitro studies have proven the potential use of medicinal herbs and their essential oils and isolated substances for control of the tick R. (B.) microplus. Essential oils are complex mixtures containing many tens or even hundreds of substances with varied chemical composition, obtained by hydrodistillation. In the specific case of citrus plants, the oil is obtained by cold pressing (ISO 1997) . There are about 3,000 known essential oils, of which, 10% are recognized as having some commercial importance, variously for use in pharmaceuticals, foods, or cosmetics (FAO 1995) . The genus Cymbopogon has been mentioned in several papers as having acaricidal activity, but unfortunately, in many of these studies, the chemical Fig. 2 Piplartine and piperine structures, amides isolated from Piper tuberculatum Jacq composition of the plant extracts was not evaluated, hindering the understanding of the most promising species and identification of bioactive potential. Ketoh et al. (2006) , studying the activity of C. schoenanthus essential oil on the development of Callosobruchus maculates (Coleoptera: Bruchidae), ranked piperitone as the main chemical component of C. schoenanthus, with a concentration of 61.01%. Piperitone was more toxic to adults, with an LC 50 value of 1.6 μL/L versus 2.7 μL/L obtained with C. schoenanthus crude extract. In the C. schoenanthus essential oil of the present study, we did not find any piperitone, but did find 62.5% geraniol (Table 1 ). These results demonstrate the great variability of the compounds present in plant species. Based on the results of this study, we believe that geraniol is the compound responsible for the biological activity of both C. schoenanthus and C. martini.
According to Martins (2006), Cymbopogon winterianus
showed LC 50 at a concentration of 6.1% on engorged females and 4.1% on larvae of R. (B.) microplus. At 10%, the essential oil of this species completely inhibited oviposition, and at 7.14%, the eggs did not hatch. The main components of this oil were citronelal (41.15%), geraniol (17.90%), and citronellol (17.28%). The lethal dose of these three compounds on engorged females was, 21.05%, 17.80%, and 78.90%, respectively. In the study by Martins (2006), C. winterianus had the in vitro efficacy similar to some commercial acaricides.
The alcohol extract of C. citratus was evaluated in vivo against R. (B.) microplus and the mean efficacies at a concentration of 2.72% were 40.3%, 46.6% and 41.5% on days 3, 7, and 14 post-treatment, respectively (Heimerdinger et al. 2006) . Heimerdinger et al. (2009) , working with the Different letters in the same column represent a difference (p≤0.5) within the same extract evaluated in vitro (Soares et al. 2010) . In the present study, the results were better: the LC 50 of the C. martinii extract was 2.93% for engorged females and 0.47% for larvae, and the LC 50 of the C. schoenanthus extract was 0.57% against larvae.
In vitro tests conducted with the oil of C. guianensis at 50% and 100% showed 100% efficacy on A. nitens engorged females (Sousa et al. 2005) . Farias et al. (2007) obtained 100% efficacy in controlling R. (B.) microplus using seed oil of C. guianensis at concentrations ranging from 10% to 100%. C. guianensis extract, also at concentrations from 10% to 100%, had 100% efficacy against engorged females of R. sanguineus and A. nitens (Farias et al. 2009) . No investigation of the main constituents of the essential oils in these studies was performed. The literature describes that C. guianenses seed oil is composed almost exclusively of saponifiable material with high concentration of unsaturated fatty acids, such as oleic and palmitic acids, in addition to the presence of limonoids in the unsaponifiable portion, probably being the most representative of the class of terpenes, which are responsible for their insecticide activity (Taylor 1984; Isman 2000) . In the present study, the GC analysis detected 46.8% oleic acid and 39% palmitic acid, findings that are in agreement with others in the literature. We chose to evaluate plant extracts at a maximum concentration of 10% in consideration of questions of practicality, low cost, supply, and future applicability. C. guianensis at 5% reached maximum efficiency (55.10%), but at 10%, the oil dilution was not good, thereby explaining its lesser effect (39.89%) because of less bioavailability. The use of oils in high concentrations also entails high consumption of solvents, which, depending on the particular solvent, can be toxic to the host and polluting to the environment.
Many secondary metabolites were isolated from the genus Piper, which has been recognized for having insecticidal action comparable to the pyrethroids (Boll et al. 1994 ). In the case of P. aduncum, the results showed activity on R. (B.) microplus larvae similar to those of various synthetic acaricides, as many already do not reach 90% efficacy due to problems of parasite resistance (Silva et al. 2009 ). According to Cotinguiba et al. (2009) , the qualitative identification of the main substances in the P. tuberculatum extract used in the present study indicated piperamides, such as (Z)-piplartine, (E)-piplartine, 8,9-dihydropiplartine, piperine, 10,11-dihydropiperine, 5,6-dihydropiperlongumine, and pellitorine. We observed 91.97% efficacy of P. tuberculatum at 10%, but its isolated piplartine and piperine did not show as significant effect against engorged females and larvae. In fact, the isolated and 13 synthesized substances were tested at low concentrations because a large huge quantity of plant material is needed to produce them. This result allows us to infer there may be other active substances beyond piplartine and piperine, or that the substances together can have a better result. In the case of the 13 synthesized compounds, probably the method used caused loss of their activity, something that is very common in attempts to develop parasiticides from natural substances.
The essential oil of P. aduncum stems and leaves contain mainly the substance dillapiole (5-allyl-6,7-dimethoxy-1,3-benzodioxole) (Pino et al. 2004 ). Silva et al. (2009) tested hexane, ethyl acetate, and ethanol extracts of this species against R. (B.) microplus. The essential oil hydrodistillate (94.84% dillapiole) obtained from the P. aduncum hexane extract was also evaluated. The LC 50 of the hexane extract was 9.30 mg/mL for larvae and the reproduction reduction ranged from 12.48% (5 mg/mL) to 54.22% (100 mg/mL), while 0.1 mg/mL of the essential oil induced 100% mortality in larvae. Unfortunately, the essential oil was not tested against engorged females. Its chemical composition was determined by GC-MS and neither piplartine nor piperine was found (Silva et al. 2009 ). Morais et al. (2007) described the chemical composition and insecticidal activity of essential oils from four species of Piper. Piper permucronatum, rich in arylpropanoids, was the most active against Aedes aegypti (LC 50 =36 μg/mL and LC 90 =47 μg/mL). The techniques of solvent extraction and hydrodistillation will remove substances with specific properties, such as polarity and volatility. These studies demonstrate the great diversity of the biologically active compounds in the Piper genus that have potential to be exploited as parasiticides.
Many papers have reported in vitro efficacy results of plant species on R. (B.) microplus similar to the results of commercial acaricides (Silva et al. 2009 ). Theses authors also report that the synthetic chemicals do not reach 100% of efficacy as was detected for piretro with 28.2% (Pereira 2006) , 98.6% for cipermetrina plus clorpirifos (Furlong et al. 2007) , and 34.6% for amitraz (Davey et al. 2008 ). However, the recommendation for in vivo use of the plant extracts depends on careful toxicological studies and analysis of the stability and residual period of natural compounds. Achieving significant efficacy and residual period in field conditions are the new challenges of this research area, since the acaricidal activity of various plant species has been well documented in vitro. It is extremely important to study the most promising species to determine their main bioactive compounds and to validate the in vivo efficacy without toxic effects on the host.
Investigations of formulations based on bioactive plant extracts have already begun at the CPPSE laboratory. Experience has shown us that formulations composed of one natural bioactive substance, for example, allow greater control of the efficacy, quality of raw materials, and solutions in developing commercial formulations. Simpler formulations based on plant extracts or essential oils, for instance, can be more widely adopted by producers, but tend to have a short residual period due to the instability of the bioactive compounds caused by climatic factors such as sun and rain. In the simpler formulations, the efficacy results may also vary widely, for example, according to plant age and season of harvesting the plant material. This could be circumvented by a study of the main chemical constituents in each new harvest. Therefore, dose adjustments could be recommended to farmers in accordance with this variation. With the identification of plant species having potential use in veterinary parasitology, studies of the production and handling of formulations should be conducted with experts in chemistry and pharmacology and also with veterinary drug companies. This is necessary in order to evaluate the most appropriate adjuvant and to develop formulation models that can be adapted according to the nature of the plant extract or bioactive compound isolated.
